In this paper emulsifying effects of seven emulsifiers including Tween 80, Span 80, tripolyglycerol monostearate, sodium stearoyl lactylate, sucrose ester, soy lecithin and monoglyceride on phytosterol in milk were investigated using single factor test and fractional factorial design. The addition for seven emulsifiers were in the following concentrations: 0.1%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6%. The results revealed that tripolyglycerol monostearate, sucrose ester and monoglyceride had a significant emulsifying effect on phytosterol in milk, Tripolyglycerol monostearate showed a positive emulsifying effect on phytosterol in milk, while sucrose ester and monoglyceride exhibited a negative emulsifying effect on phytosterol in milk.
INTRODUCTION
Phytosterols or plant sterols, which are known as "the key to life", are the natural active substances derived from plant. They are major components of plant cells, which are widely existed in the roots, stems, leaves, fruits and seeds of plants. The structure of phytosterols are very similar to that of cholesterol which is primary sterol in animals, and only the structure of the side chains is different (Garcia-Llatas et al, 2011; Moreau et al, 2002) . It is generally believed that phytosterols extensively exists in the vegetable oil, grains and their by-products. (Lengyel et al, 2012; De et al, 2003; Jr 2002 ). There are a wide variety of phytosterols, and more than 200 kinds of phytosterols have been identified from the plant. In nature, there are two types of phytosterols, which are free and esterified, while the esterified phytosterols are more likely to be soluble in organic solvents, and the absorption and utilization rate is about 5 times higher than that of free type. Free type of phytosterols have been found in nuts and legumes, the most common including β-sitosterol, sitosterol, campesterol and stigmasterol (Lengyel et al, 2012) . And whole grain food is given priority to with the esterification type of phytosterols (Poutanen et al, 2014) , in common with sitosterol ferulic acid ester, stigmasterol ferulic acid ester, etc. (Fernandes et al, 2007) . Phytosterols are mainly used for the medicine which can reduce cholesterol and treat cancer, anti-inflammatory and anti-pyretic, and they are intermediates for the preparation of steroid medicine; (4) in cosmetics. Phytosterols have emulsifying property, and they have strong permeability to skin, thus which can be used as skin nutritional agent (Folmer, 2003) ; (5) phytosterols can be used as synthetic material for steroid hormone medicine. Because phytosterols are fat-soluble substances and poorly soluble in water (Jr 2007) , it is difficult to add phytosterols uniformly to food, cosmetics and pharmaceuticals and other products, which limits their application and function. The emulsification process can improve the application of phytosterols and extend their application fields. The emulsifying mechanism of phytosterols has been studied. At present, the emulsifiers applied in phytosterol are following: (1) Sucrose ester, which is nonionic surfactant with weak surface activity and hydrophilic property; (2) Lecithin, it has weak surface activity and hydrophilic property; (3) Monoglyceride, it is oily or waxy and is difficult to dissolve in water and glycerin, but can be stable in hot water; (4) Compound emulsifier, which is composed of two or more surface active agents. Generally, the emulsifying effect of the compound emulsifier is better than that of the single emulsifier (Ling et al, 1995) . In this study, single factor test and fractional factorial design was employed to investigate the emulsifying effect of seven emulsifiers on the phytosterol in milk, and initially evaluated the several factors which had a significant effect on emulsification process.
MATERIALS AND METHODS

Materials:
Phytosterol was supplied by Xi'an Oriental Dairy Co., Ltd (Xi'an, China). Seven emulsifiers including Tween 80, Sucrose ester, Tripolyglycerol monostearate, Sodium stearoyl lactylate, Span 80, Soy Lecithin and Monoglyceride were provided by LSB Biochemical Co., Ltd (Xi'an, China). Fresh milk was purchased from a local farm (Weiyang district, Xi'an, China).
Preparation of phytosterol in emulsified milk:
A certain amount of emulsifier and 0.2g of phytosterol were incorporated into a beaker containing 40mL fresh milk. The sample was thoroughly stirred (10000r/min) by a magnetic stirrer (Model 78-1, JinTan Zhengji Instruments Co., Ltd, Jiangsu, China). Then the measurement of emulsification R was performed.
Determination of emulsification R:
The absorbance of the sample (A1) mentioned above was measured at 678 nm after the sample was stirred by the magnetic stirrer for 10 min at 70°C. Then the sample was centrifuged at 3000r/min for 10min, the absorbance of the sample (A2) was measured at the same wavelength. The emulsification R (A2/A1) was used to estimate the emulsion stability of phytosterol in milk.
Fractional factorial design: Seven emulsifiers including Tween 80, Span 80, Tripolyglycerol monostearate, Sodium stearoyl lactylate, Sucrose ester, Soy Lecithin and monoglyceride were incorporated to fresh milk. The addition of emulsifiers was for all: 0.10%, 0.20%, 0.30%, 0.40%, 0.50% and 0.60%. Phytosterol 0.5% (w/v) mixed with milk mentioned above and was agitated at 70°C for 10 min by the magnetic stirrer. According to the result of single factor test, a two-level fractional factorial design (FFD) was used to study the effect of these seven variables on the emulsification. The coded values of different levels (a high (+1) and a low level (-1) of each variable and their real values are shown in Table 1 . The two-level FFD is shown in Table 2 where it can be seen that the effect of seven variables was investigated in 16 independent experimental runs. The effect of seven variables on the emulsification R was evaluated.
Statistical analysis of the data: The statistical analysis was performed by the Minitab (Version 16.1.0) to identify the significant factors and their corresponding coefficients. Thus, sum of squares, F-value and p-value were evaluated to analysis the emulsification R of each trial.
RESULTS AND DISCUSSIONS
Effect of seven emulsifiers on emulsification R of phytosterol milk As exhibited in Figure 1 , different emulsifiers showed various effects on the emulsification R at the same amount of addition. When the concentration of emulsifiers was 0.1%, 0.2% and 0.3%, respectively, Span 80 had a significant effect on the emulsifying effectiveness of phytosterol in milk. When the concentration of emulsifiers was 0.4%, Tripolyglycerol monostearate had a significant effect on the emulsification R. While the concentration of emulsifiers was 0.5%, Sucrose ester had a markedly significant effect on the emulsification R. When the concentration of emulsifiers was 0.6%, Tween 80, Span 80 and Soy lecithin all had a significant effect on the emulsification R. Moreover, the maximum emulsification R of Tween 80, Span 80, Tripolyglycerol monostearate, Sodium stearoyl lactylate, Sucrose ester, Soy lecithin and monoglyceride were 0.989, 0.993, 0.994, 0.989, 0.997, 0.991 and 0.989, respectively. And the optimum concentrations of emulsifiers mentioned above were 0.6%, 0.4%, 0.4%, 0.5%, 0.5% 0.5% and 0.2%, respectively. 
Screening of main factors affecting the emulsification of phytosterol in milk
Research has shown that the mixed emulsifier, which is compounded by two or more than two kinds of emulsifiers, which showed has a better effect than single emulsifier on emulsifying effectiveness (Ling et al, 1995) . According to the results of the single factor test, main factors affecting the emulsification of phytosterol in milk were screened by using two-level fractional factorial design. In this study, 16 runs of experiments were conducted with 7 factors at two level. The two-level fractional factorial design and coded levels of each variable were exhibited in Table. 1. The experimental design and results of two-level fractional factorial were presented in Table. 2. The response value of R was the emulsifying effectiveness of phytosterol in milk. 
The analysis of variance was performed by Minitab (Version 16.1.0) and the results were presented in Table 3 . The significant factors and its contribution to emulsification of phytosterol in milk were shown in Figure 2 . According to analysis of variance in the Table  3 , the model p-value of 0.0264 demonstrated the model was significant. X2 (p-value=0.0431), X3 (p-value=0.0051) and X7 (p-value=0.0641) showed a significant emulsifying effect on phytosterol in milk. And the significance rankings of those seven emulsifiers were: X3> X2> X7> X5> X1> X4> X6. Meanwhile, Table 3 presented the coefficients of the regression equation for the response value R, which illustrated that X1, X3 and X6 had a positive effect on the emulsification (R) of phytosterol in milk, namely that the response value emulsification (R) increased along with the addition of those three variable factors. And the rest four variables X2, X4, X5, X7 showed a negative correlation of the emulsification (R) of phytosterol in milk, namely that the response value (R) decreased as the increase of those four variables. As shown in Fig. 2 , the contribution of these seven emulsifiers to the emulsification of phytosterol in milk, Monoglyceride (X7), Sucrose ester (X2) and Tripolyglycerol monostearate (X3) had a significant effect on emulsifying effectiveness of phytosterol in milk. In particular, X3 was the significant factor, the proportion of which reached more than 45% of all variables. Figure 2 . The contribution of seven emulsifiers to the emulsification of phytosterol in milk
Discussion
According to the results of single factor test, main factors affecting the emulsification of phytosterol in milk were screened by using two-level fractional factorial design. In the results of two-level fractional factorial design, X2 (Sucrose ester), X3 (Tripolyglycerol monosteareate) and X7 (Monoglyceride) had a significant effect on the emulsifying effectiveness of phytosterol in milk, and the p-value of the above-mentioned factors were 0.0431, 0.0051 and 0.0641, respectively. In statistics, the confidence level was greater than 95% (0.01< p <0.05), the factor was defined as a significant factor. While the confidence level was greater than 90% (0.05 < p < 0.10), the factor was defined as an important factor. Thus, X2 (Sucrose ester) and X3 (Tripolyglycerol monostearate) were significant factors, X7 (Monoglyceride) was important factor, while there are few studies on the emulsifying process of phytosterol. 
